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Abstract: Escherichia coli chorismate synthase (EC 4.6.1.4), purified aerobically, does not contain oxidised
flavin mononucleotide (FMN) as judged by its uv/visible and fluorescence spectra. However, transient kinetic
studies of functioning enzyme show that each enzyme tetramer binds four equivalents of FMNH,, the reduced
hydroquinone state. The higher affinity of chorismate synthase for FMNH, (K,<2 uM) relative to FMN (K,>20
pM) is similar to that of bacterial luciferase.

Chorismate synthase (5-enolpyruvylshikimate 3-phosphate phospholyase (EC 4.6.1.4)), the seventh
enzyme in the shikimate pathway,' catalyses the conversion of 5-enolpyruvylshikimate 3-phosphate 1 (EPSP)
to chorismate 2, by the removal of the C-6 pro-R proton and elimination of phosphate.>*
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Although the conversion of 1 to 2 does not involve an overall oxidation or reduction, there is an
essential requirement for a reduced flavin mononucleotide (FMNH,) cofactor for enzyme activity.*? Transient
absorbance changes at 400 nm during single turnover experiments with 1 in the presence of sodium dithionite
(required to reduce FMN to FMNH,) have shown a direct involvement of FMNH, in the catalytic cycle.® The
role of FMNH, in what is formally a trans 1-4 elimination reaction is intriguing and could involve novel free
radical intermediates since a stable flavin semiquinone form of the enzyme has recently been detected using
the substrate analogue (6R)-6 fluoro EPSP 3.!!

We now report the results of uv/visible absorbance and fluorescence emission spectroscopic experiments
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to monitor oxidised FMN binding to apo-enzyme and a stopped-flow amplitude titration for functioning enzyme

under reducing conditions with 1 as substrate that allows a stoichiometry for FMNH, binding to be determined.
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Figure 1. (A) UV/visible absorbance spectrum of E. coli chorismate synthase (97 pug ml™) in potassium
phosphate buffer (50 mM, pH 7.5) containing 10% (v/v) glycerol. (B) As in A except enzyme omitted.
Spectra recorded in 1 cm path length cuvette, 25°C in a Shimadzu MPS-2000 spectrophotometer. The

inserts show the same spectra on condensed scales.

The uv/visible absorbance spectrum of E. coli chorismate synthase (Figure 1) suggests that no oxidised
FMN is present in enzyme that has been purified aerobically. This was confirmed by electrospray mass
spectrometry that gave a subunit M, 39016.7 * 4.5 which is very close to the value of M, 39005.9 calculated
from the amino acid composition derived from the DNA sequence data of Charles ef al.'> These data show that
there are no covalently bound flavin or other prosthetic groups present in the enzyme.

Figure 2 shows that the near uv/visible spectrum of oxidised FMN (10 pM) does not change on addition
of chorismate synthase (10 uM)."® These data again suggest that oxidised FMN does not bind to the apo-
enzyme under these conditions. Likewise the fluorescence emission spectra (460 to 600 nm with 365 nm
excitation) of FMN at several concentrations in the range 0.2 to 10 uM were completely unaffected by the
presence of 1 UM chorismate synthase. Figure 3 shows the maximum emission intensities (530 nm) of these
spectra as a function of oxidised FMN concentration with coincident data points in the presence and absence
of chorismate synthase. If oxidised FMN had bound to the apo-enzyme under these conditions the fluorescence
of the FMN should have been at least partially quenched as has been reported for FMN binding to apo-
flavodoxins.'*** We estimate a K> 20 uM for the binding of oxidised FMN to chorismate synthase.
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Figure 2. UV/visible spectra of FMN (10 pM) in the presence (D) and absence (C) of chorismate
synthase (10 pM). The spectrum of the enzyme alone (B) accounts for the small differences in the two
FMN spectra.  All spectra were run in potassium phosphate buffer (50 mM, pH 7.0) in a 1 cm path

length quartz cuvette. (A) spectrum of buffer.

Figure 4 shows the transient absorbance changes that occur at 400 nm when chorismate synthase, pre-
incubated with four concentrations of FMNH, in the presence of dithionite ion (1 mM), was mixed in the
stopped-flow spectrophotometer with EPSP (200 pM). A rapid increase in absorbance, essentially complete
within the instrument dead time (3 ms) is followed by a quasi-steady-state phase before the absorbance
decreases 1o its initial value. The area under each curve is essentially the same, but the amplitude and length
of the steady state phase reflect the proportion of functioning enzyme with FMNH, bound. We have previously
reported the difference spectrum relative to FMNH, of the intermediate giving rise to these absorbance
changes.® The spectrum is shown as an insert in Figure 4. It resembles that of a flavin-C4a adduct, with a
maximum at 400 nm, and is similar to that reported for mercuric ion reductase.'® In the latter case, FMNH,
reduces a disulphide bond in the enzyme to generate a thiolate that acts as a nucleophile to form the adduct at
the C-4a position of the flavin. A similar mechanism can not occur with chorismate synthase since all four

cysteine residues predicted by the Charles et al. sequence' have been detected as thiols.'
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Figure 3. Fluorescence emission intensity (530 nm) of oxidised FMN in the presence (¥) and absence {o) of
chorismate synthase (1 pM) in potassium phosphate buffer (50 mM, pH 7.0).
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Figure 4. Stopped-flow absorbance changes (400 nm, 25°C) occurring when chorismate synthase (34 pM) pre-
incubated with (A) 10 pM, (B) 20 pM, (C) 40 pM & (D) 80 pM FMNH, was mixed with EPSP (200 pM).
Both syringes contained sodium dithionite (1 mM), potassium phosphate buffer (50 mM, pH 7.0). The insert
shows the amplitude of traces similar to (D) as a function of wavelength.
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Figure 5. Stopped-flow amplitude data showing stoichiometric tight binding of FMNH, to each subunit
of chorismate synthase.

The dependence of the amplitudes of traces such as those shown in Figure 4 on the final FMNH,
concentration with a constant concentration of chorismate synthase (17 uM after mixing, indicated by the arrow)
is shown in Figure 5. A linear increase in the amplitude occurs up to an FMNH, concentration of 20 uM, after
which the amplitude remains constant. These data indicate that one equivalent of FMNH, binds to each subunit
of the tetrameric enzyme. A Kp< 2uM for FMNH, binding can be estimated from the linearity of the data in
the FMNH, concentration range 5 to 20 pM.

The binding affinity of chorismate synthase for reduced FMNH, (Kp< 2 uM) is therefore at least ten
times greater than its affinity for oxidised FMN (Kp> 20 uM). In this respect it resembles bacterial luciferase
for which the relative affinities are ca. 100 fold." It is also interesting to note that C(4a) hydroperoxy-
dihydroflavin and C(4a) hydroxyflavin intermediates are proposed intermediates in the luciferase catalytic
cycle'™* and that the only intermediate detected to date for chorismate synthase also resembles a C(4a)-flavin
adduct.'
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